ABSTRACT Accurate timing of pest control measures requires a good understanding of the emergence pattern of the speciÞc pest populations. In 1999 Ð2000, pupae of the cabbage maggot, Delia radicum L., and the turnip maggot, D. floralis Fallé n, were collected in the autumn from nine widespread locations in Norway (58 Ð70Њ N). After diapause development during winter, emergence was studied in a climate chamber at 18ЊC. The time to 50% emergence was Ͻ2 wk for all populations of D. radicum, and the emergence period (time elapsed between 10 and 90% emergence) was ϳ4 d on average. The results indicated uniform and early emerging populations of this species. D. floralis, however, had much later emergence, with a wide range of emerging biotypes. The time to 50% emergence of D. floralis varied from 5 to 10 wk between populations. Moreover, the emergence period varied between 2 and 7 wk for the different populations, indicating mixtures of differently emerging biotypes. The ecological basis for the diverging emergence patterns is discussed.
The cabbage maggot, Delia radicum L., and the turnip maggot, D. floralis Fallé n (Diptera: Anthomyiidae), are both major pests of brassica crops in Norway, especially in rutabagas and caulißower. D. radicum completes one to two generations depending on climatic conditions, whereas D. floralis generally is a univoltine species, although Jørgensen (1957) , Rygg (1962) , and Varis (1967) have observed second-generation individuals in some cases.
In Norway, as in many other countries, most of the organophosphate (OP) insecticides are now withdrawn from the market. Alternatives (mainly botanical insecticides) are being tested, but are expected to have much shorter persistence than the OPs. Therefore, there is an increasing interest for methods for prediction of emergence and oviposition so that the control measures can be accurately timed.
For D. radicum, both simple day-degree forecasts and more advanced simulation models have been developed and used internationally (Finch et al. 1996) . They all demand a thorough knowledge of the population involved and the relationship between development rates and temperatures. However, the existence of genetic variability between and/or within populations may pose problems in modeling. Many authors have suggested that different biotypes of D. radicum with early, intermediate, and late emergence among both geographically near and distant populations may occur (Finch and Collier 1983 , Finch et al. 1986 , 1988 , GrifÞths 1986 , Collier et al. 1989a , b, Walgenbach et al. 1993 , Turnock and Boivin 1997 , Biron et al. 1998 . However, such a polymodal emergence pattern has thus far not been reported from Norway for this species.
Delia floralis belongs to the northern holarctic region and is much less studied internationally. Nevertheless, the existence of different biotypes expressed by phenological differences has been reported in northern Europe (Lundblad 1933 , Lein 1955 , Jør-gensen 1957 , Rygg 1962 , Varis 1967 , Lamb 1984 .
In northern Norway (65Ð70Њ N latitude), the ßight period of D. floralis normally overlaps with that of D. radicum, as the Þrst ßies of D. radicum appear only Ϸ10 d before D. floralis (Johansen and Hals 1990) . Both species normally emerge in the second half of June or Þrst half of July and have concentrated emergence periods of ϳ2 wk. Field studies of southern populations show a more variable emergence time and more protracted emergence periods (Lein 1955 , Rygg 1962 , Taksdal 1992 . Recently, Biron et al. (2003) studied a Swedish and a Finnish population of D. floralis and showed a bimodal emergence pattern of pupae under both diapausing and nondiapausing conditions. The aim of this study was to investigate in more detail the range of variation between both adjacent and very distant populations of brassica root ßies in Norway. We also wanted to study the relationship between latitude and emergence strategy for the two species.
Materials and Methods
In October 1999 and 2000, brassica root ßy pupae were collected at several locations in Norway, includ-ing most of the main growing districts for brassica crops (Fig. 1) . The distance from the southernmost to the northernmost collection site was Ϸ2,000 km. The material was kept at Ϸ5ЊC until late November. Then the separate populations were stored in ventilated plastic cups with moist vermiculite at 0.5ЊC during winter. Emergence was studied from the end of March both years or at least 6 mo after the pupae were formed. At this time, we assumed that the low-temperature diapause development for D. radicum was completed (Collier and Finch 1983) , whereas the diapause status for D. floralis was more uncertain. The pupae were maintained at 18 Ϯ 0.5ЊC in daylight chambers in the Phytotron at the University of Tromsø, and emerged ßies were removed and counted at regular intervals.
Results and Discussion
The total number of emerged ßies was 1,112 (70%). Low emergence percentage was mainly caused by a heavy parasitoid infestation at some sites, but in our presentation, we only included samples with Ͼ25 emerged ßies. In 2000, all populations of D. radicum required a similar, short time for postdiapause development and emergence at 18ЊC (Fig. 2) . The two populations from Stokke and Kristiansand in 2001 did not deviate substantially from this (data not shown). In both years, it took Ͻ2 wk for 50% of the ßies to emerge (calculated from total emerged ßies). In addition, all populations had uniform emergence curves and short emergence periods, with only 4 d on average elapsing between 10 and 90% emergence.
The time for 50% emergence for D. floralis was generally much longer than for D. radicum (Fig. 3) . There was also a large variation between populations, from 6 to 10 wk in 2000 and from 5 to 10 wk in 2001. In both years, the northernmost population (Tromsø) was the earliest, conÞrming the previous reports of early emergence of D. floralis in the north (Lein 1955 , Rygg 1962 , Johansen and Hals 1990 .
The emergence curves for D. floralis also differed greatly from D. radicum, mainly by being more protracted (Fig. 3) . In 2000, the time elapsed between 10 and 90% emergence varied from 2 to 7 wk for the different populations (Fig. 3a) . The population from Lier differed from all the others by having an extremely protracted emergence, potentially covering the whole season. In 2001, the emergence patterns were similar to 2000, and the emergence periods extended no longer than 3 wk for any population studied (the Lier population was not available this year).
For D. radicum, postdiapause development and emergence of at least 50% of ßies within 14 d at 20ЊC is used as a criterion for completed diapause devel- opment and also deÞnes classiÞcation as an early emerging phenotype (Collier and Finch 1983, Finch and Collier 1983) . Hence, all the Norwegian D. radicum populations studied may be classiÞed as early emerging phenotypes. Similar criteria should be developed for D. floralis before different populations within this species are classiÞed.
For D. floralis, no bimodality could be observed, unlike studies of Swedish and Finnish populations (Biron et al. 2003) . The great differences between populations indicate, however, the presence of more than one emergence phenotype. Single populations may also consist of mixtures of these phenotypes, expressed as protracted emergence. In cases with extremely protracted emergence, such as the Lier population, there will be no clear peak in ßight activity, and thus a reduced risk of serious damage to crops.
It is still unclear what the optimal conditions or requirements for diapause and postdiapause development are for D. floralis. Nevertheless, thermal requirements for pupal development and emergence of this species are clearly different both within and between populations. As in the situation for the UK populations of D. radicum (Finch and Collier 1983) , the emergence requirements for D. floralis in Norway do not seem to be directly related to latitude. This is shown by the population from Smøla, midway between the northernmost and southernmost localities, which was among the latest in both years. Also, previous observations of both early and late populations in the same climatic regions point to factors other than latitude (Jørgensen 1976 , Taksdal 1992 ). The exception is the population of ßies from Tromsø, which emerged much earlier than most of the other populations, and is present in the Þelds shortly after the appearance of D. radicum. This is probably because Tromsø is much farther north than any of the other locations (Fig. 1) , with a much shorter growing season. It is reasonable to assume that the root ßies in this area have adapted their emergence to the short period of resource availability. It also implies that the two species compete for the same resources in this region. Despite the varying emergence times of D. floralis in southern Norway, they always occur much later than D. radicum at the same sites. It is, however, difÞcult to prove that such a seasonal timing is a strategy to minimize interspeciÞc competition, as suggested by Biron et al. (2003) for bimodal emergence. It could also be explained by differences that evolved in response to other factors (Danks 1987) .
In late-emerging D. radicum, Collier et al. (1989a) showed an additional phase of diapause development at temperatures Ͼ7ЊC before postdiapause development could start. A similar phenomenon may explain the varying emergence patterns between D. floralis populations, but this remains to be studied. However, for both species, Biron et al. (1998 Biron et al. ( , 2003 have shown that diapause is not necessary for expression of different phenotypes. They suggest that a genetic system unrelated to diapause may control the rate of development in the pupal stage. However, different temperature requirements for pupal development may be involved in expression of the different phenotypes in a Þeld situation.
Our results underline the necessity for basic studies of both diapause and postdiapause development of the turnip maggot. In addition, the variability shows the need for understanding each local population for an optimal control strategy. From our results, general forecasting models based on accumulated day-degrees may be relevant for the cabbage maggot in Norway, whereas such models for the turnip maggot will require detailed information about the local emergence phenology. 
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